Objectives: Universal interventions may widen or narrow inequalities if disproportionately effective among higher or lower socio-economic groups. The present paper examines impacts of the Primary School Free Breakfast Initiative in Wales on inequalities in children's dietary behaviours and cognitive functioning. Design: Cluster-randomised controlled trial. Responses were linked to free school meal (FSM) entitlement via the Secure Anonymised Information Linkage databank. Impacts on inequalities were evaluated using weighted school-level regression models with interaction terms for intervention 3 whole-school percentage FSM entitlement and intervention 3 aggregated individual FSM entitlement. Individual-level regression models included interaction terms for intervention 3 individual FSM entitlement. Setting: Fifty-five intervention and fifty-six wait-list control primary schools. Subjects: Approximately 4500 children completed measures of dietary behaviours and cognitive tests at baseline and 12-month follow-up. Results: School-level models indicated that children in intervention schools ate a greater number of healthy items for breakfast than children in control schools (b 5 0?25; 95 % CI 0?07, 0?44), with larger increases observed in more deprived schools (interaction term b 5 1?76; 95 % CI 0?36, 3?16). An interaction between intervention and household-level deprivation was not significant. Despite no main effects on breakfast skipping, a significant interaction was observed, indicating declines in breakfast skipping in more deprived schools (interaction term b 5 20?07; 95 % CI 20?15, 20?00) and households (OR 5 0?67; 95 % CI 0?46, 0?98). No significant influence on inequality was observed for the remaining outcomes. Conclusions: Universal breakfast provision may reduce socio-economic inequalities in consumption of healthy breakfast items and breakfast skipping. There was no evidence of intervention-generated inequalities in any outcomes.
In the UK, health outcomes and life expectancy improve substantially with increased socio-economic status (SES) (1) .
Inequalities cannot be entirely attributed to behaviours such as diet and smoking, also arising from structural factors such as housing and employment security (2) . However, more healthful behaviours are typically observed among higher-SES individuals (3, 4) . Socio-economic discrepancies in many health behaviours emerge in childhood (5) . Hence, interventions to improve childhood health behaviours, increasingly delivered through schools (6) , may play a significant role in reducing inequalities.
One potential behavioural contributor to health inequalities, commonly targeted by school-based interventions, is breakfast consumption. Skipping breakfast is associated with a variety of detrimental outcomes, including dental caries (7) , dysmenorrhoea (8) and reduced weight control (9) , while breakfast contributes significantly to the overall nutritional adequacy of children's diets (10) (11) (12) . Consumption of breakfast has also been associated with improved cognitive performance (13) (14) (15) (16) (17) breakfast skipping and consumption of lower-quality breakfasts are more common among children from lower-SES families (20) . Possibly the most common school-based intervention for promoting healthful breakfast consumption is through 'breakfast clubs'. These were first adopted in North America in the 1960s with the aim of improving the nutritional status of children in more deprived areas (21) . By 1997 approximately six million children in the USA were attending a school breakfast club each day (22) . In the UK, their introduction has occurred more recently. By 2012 however, breakfast clubs were available in almost half of schools in England, with delivery concentrated in areas of deprivation (19) . In Wales, the Welsh Government's Primary School Free Breakfast Initiative (PSFBI) was implemented from 2005 (23) , offering all primary schools resources and guidance to provide free, healthy breakfasts before the start of the school day. An estimated three-quarters of primary schools throughout Wales have taken up this scheme to date (24) . While there is some evidence that school breakfast programmes can help improve nutrition and may lead to improvements in attendance, academic performance and behaviour (25) (26) (27) (28) (29) , findings have been inconsistent (21) with robust evaluation hampered by difficulties such as contamination between trial arms (30) . Furthermore, the aims of breakfast clubs, and hence the outcomes measured by their evaluations, have diverged considerably, with some focusing on provision of a healthy breakfast while others emphasise child care, education or informal interaction between children and school staff (31) . One trial from the USA (32) for example provides robust evidence that universal breakfast provision can improve pupil nutrition, although a recent trial in deprived areas in New Zealand emphasised school attendance and educational attainment as primary goals, finding no impact on these outcomes (33) . As described above, breakfast clubs originated as a means of reducing inequality through improving the nutritional status of children in more deprived areas and, with some notable exceptions (32) , evaluations have typically focused on targeted provision (30, 33) . However, while targeting resources towards schools in areas of deprivation is intuitively appealing, targeted approaches may not always be the most effective means of reducing inequality. Targeting may stigmatise individuals, schools, families or communities through labelling them as needy; widely recognised as a barrier to the uptake of free school meals (FSM) among many children from poorer families (34) . In addition, given that relationships between SES and health outcomes are typically graded rather than dichotomous, targeting the very poorest will do little to address inequalities throughout the distribution (1) . For these reasons, attention is increasingly turning to the need to identify universal interventions whose impacts are proportionately greater further down the socio-economic distribution (1) . Of course, universal interventions may also have the opposite effect, widening inequality through disproportionately benefiting more affluent groups. Hence, Whitehead (35) has called for all evaluations of health improvement interventions to evaluate impacts on inequality, regardless of whether their explicit aim is to reduce inequality or to improve population-level health, in order to build an evidencebased typology of actions which reduce or worsen inequality. At present, there is tentative evidence that actions based on education, information provision and promotion of voluntary change are more likely to generate inequality, while altering higher-level factors to make healthy behaviours easier may be more likely to reduce inequalities (35) (36) (37) (38) . Breakfast provision represents an attempt to improve behaviour through altering the environment to improve the availability of healthy breakfasts, therefore making the behaviour easier. Hence, one would perhaps expect it to be more likely to narrow inequality than approaches such as educating children about the benefits of breakfast while the option of eating a healthy breakfast continues to be unavailable for some. No studies to date have examined differential effectiveness of universal breakfast provision by SES.
The current paper presents secondary analysis of data from the cluster-randomised controlled trial of the PSFBI in Wales and aims to understand its role in reducing inequalities in children's consumption of breakfast. The PSFBI formed a Welsh Labour Party manifesto commitment to offer Welsh primary schools guidance and resources to offer free healthy breakfasts to all children. Although schools in areas of deprivation were targeted in the initial phases of implementation, it was ultimately made available to all schools. At the aggregate level, trial data published in this journal indicate that while PSFBI had no impact on breakfast skipping, with children substituting breakfast at home for a breakfast at school (39) , the shift from home-based to school-based consumption appeared to significantly improve the healthfulness of items consumed for breakfast, also leading to more positive attitudes towards breakfast.
Analysis of baseline data, also published in this journal, indicated that children attending more deprived schools ate poorer-quality breakfasts than their higher-SES counterparts and had less positive attitudes towards breakfast than did children from more affluent schools (20) . Hence, while there was no overall impact on breakfast skipping, given that children from more deprived backgrounds were eating poorer-quality breakfasts at home prior to intervention, the move from eating breakfast in the home towards eating healthy breakfasts in school may have disproportionately improved dietary quality among children from more deprived backgrounds. The present paper examines impacts of PSFBI on socio-economic gradients in dietary behaviours and cognitive performance, in order to evaluate the potential impact of universal breakfast provision on inequalities in health and educational attainment.
Method
The Primary School Free Breakfast Initiative The intervention provided a school-based breakfast before the commencement of classes, without any cost being borne by parents. The aim of the intervention was not only to encourage breakfast consumption per se, but also to improve the nutritional quality of children's breakfasts. Hence a particular focus was placed upon limiting available food choices to breakfast items considered to be healthful. Breakfasts provided included items from four food types: non-sugar coated cereals, bread, milk products and fruits, in addition to drinks. Schools were provided with guidelines regarding how the scheme should be run, in terms of staff to student ratios and the food to be provided, but were given a reasonable degree of autonomy in the operation of the scheme. At the time of writing, information about the scheme can be found on the Welsh Assembly Government's website (40) .
Participants
Primary schools located in Wales were approached to take part in a cluster-randomised controlled trial of the Welsh Government's PSFBI. A total of 111 schools took part, of which fifty-eight were 'Communities First' schools (located in socio-economically deprived areas). Participants were Year 5 and 6 students (i.e. aged 9-11 years) within these 111 schools. One Year 5 and one Year 6 class from each school was selected to complete the attitudes and dietary recall questionnaires. A total of 4350 students at baseline and 4472 at 12-month follow-up completed the classroom-based measures within all 111 schools. The fact that a higher number of children participated at follow-up is a consequence of the fact that the study involved repeated cross-sections in the same schools at baseline and 12-month follow-up. Due to increased class sizes in some schools, the eligible pool of children increased slightly, although response rates were identical at baseline and follow-up (88?3 %). Teacher-completed behavioural questionnaires were completed in relation to 1034/947 children within 105/99 schools at baseline/ follow-up. Of the 4472 children who completed followup measures, individual-level FSM entitlement data were obtained for 3068 (68?6 %).
Measures

Deprivation
This was assessed using data on FSM entitlement. Two variables were used for school-level analyses: (i) the percentage of all children within the school entitled to FSM (provided by the Welsh Government) and (ii) the percentage of study participants within each school entitled to FSM at Key Stage 2 (aged 7-11 years; data obtained from the Secure Anonymised Information Linkage (SAIL) databank). For individual-level analysis, children's own entitlement to FSM (yes or no) was used as a binary indicator of deprivation.
Attitudes towards eating breakfast
Attitudes were assessed by asking pupils to indicate agreement with thirteen statements on a scale of 1 (strongly agree) to 5 (strongly disagree). Items referred to a variety of domains, such as concentration and behaviour, energy, and the general importance placed on breakfast. The measure has demonstrated good construct and convergent validity using baseline data used in the present study (41) .
Dietary recall questionnaire
The questionnaire was a modified version of the Day in the Life Questionnaire (42) . This measure has been validated against 24 h recall interviews with a sub-sample of children from the present study and offers an acceptable level of validity and reliability (43) . In fact, the measure covered a period slightly in excess of 24 h; children were asked to list all foods and drinks consumed at chronologically ordered time points throughout the previous day and for breakfast on the day of reporting. Outcome variables are the proportion of children consuming less than two breakfasts over 2 d, the number of healthy items (i.e. cereals, bread, fruits and milk products) consumed for breakfast, the number of unhealthy items consumed for breakfast (i.e. crisps and sweet snacks), the number of fruit and vegetables consumed during the rest of the day and the number of unhealthy items (i.e. crisps and sweet snacks) consumed during the rest of the day.
Classroom cognitive tests
Classroom-level measures were pen-and-paper tests which had previously been shown to be sensitive to the effects of breakfast in experimental studies (44, 45) . These included: a word recall test of episodic memory (44) ; a backward letter span test of working memory, similar in nature to the backward digit span test (46) ; and two search and memory task (single & five letter) tests (46) of discrimination, sustained attention and psychomotor speed. Episodic memory was identified as the primary cognitive outcome in the published protocol, so analysis focuses on this measure.
Behavioural problems
The Strengths and Difficulties Questionnaire (SDQ) (47) provides measures of behavioural difficulties in four domains: (i) conduct problems, (ii) emotional problems, (iii) hyperactivity and (iv) peer problems; as well as strengths in terms of pro-social behaviour. The SDQ was completed by teachers to assess the classroom behaviour of a randomly selected sub-sample of five of their students in each year group (i.e. ten students in total for each school). Hyperactivity was identified as a key secondary outcome in the published protocol, so analysis focuses on this subscale.
Procedure
For the original trial, parents were informed of the research by means of a letter and information sheet sent home with children and were asked to contact the school if they did not wish their child to participate in the study. Parents of fifteen children requested that their child be excluded. At each data collection, children were also informed that they were under no obligation to participate. The present study received ethical approval from the Cardiff University Social Science Ethics Committee.
Class-level measures were completed in the morning (between 09.00 and 11.00 hours) as a supervised classroom exercise with a maximum class size of forty children. For the attitudes questionnaire, the researcher read statements one by one and children marked their response for each statement after it was read out, to minimise conferring and ensure that children did not distract one another. For the dietary recall measure and the cognitive measures, the researcher read out the instructions and asked children to complete the task independently from one another. If children had finished or needed help with spelling or further clarification, they were asked to put their hand up. Three members of the research team were present to assist children.
The SAIL databank is a data warehouse which was established at the Health Information Research Unit (HIRU) at the College of Medicine at Swansea University. It brings together a wide range of person-based data, using a splitfile approach to anonymisation to overcome issues of confidentiality and disclosure (48) , and operates within a robust series of guidelines in line with the Caldicott principles and the National Information Governance Board for Health and Social Care (49) . Participating children were each assigned an Anonymised Linking Field (ALF_E) (48) and thereby linked to the National Pupil Database for Wales, a version of which is held on the SAIL databank.
Statistical analysis
For each variable, school-level mean scores were calculated by summing scores for each child and dividing the total by the number of children within the school. That is, data from the 4350 children at baseline and 4472 at follow-up for measures collected within the whole class were aggregated at the school level (approximately forty children per school at each time point). For the sub-sample of children for whom the behavioural questionnaire was completed, data from the 1034/947 children at baseline/follow-up were aggregated (approximately ten children per school at each time point). School-level weighted regression models were constructed (i.e. each school formed a single unit of analyses, with models weighted to adjust for variability in the number of pupils sampled within each school) adjusting for baseline score and the four stratification variables. All models examine post-intervention follow-up data as the dependent variable. As is standard practice in testing moderation of intervention effects by SES (50) , models are presented in two stages: first, containing variables for intervention status and FSM entitlement without an interaction term; and second, with an FSM 3 intervention status interaction term added.
Percentage FSM entitlement was converted to proportions, so that b coefficients reflect change in the dependent variable if all children within a school are entitled to FSM v. none. Separate models were run for each of two markers of deprivation (e.g. proportion FSM entitlement among the whole school or among study participants). The first set of models, using school-level FSM percentages, replicates and extends analyses published in the main trial outcomes paper (39) . The second set of models replicates these models, but uses aggregated values from data on the FSM entitlement of individual children (linked to trial data via the SAIL databank), providing a more precise estimate of the socio-economic composition of the specific groups of 9-11-year-old children participating in the study. Analyses were conducted on an intention-totreat basis, with 'intervention status' representing the treatment condition to which the school had been randomised (control, n 56; intervention, n 55). However, no individual-level FSM data were available for three schools (all of which were intervention schools), with models using these data including 108 schools (control, n 56; intervention, n 52).
Finally, individual-level analyses examined differences in key outcomes between children in intervention and control schools who completed measures at follow-up (n 3068), with models including the same control variables entered into aggregate-level analysis, including school-level mean baseline scores for the dependent variable. Linear regression was used for normally distributed variables, with highly skewed or categorical variables divided into tertiles and subjected to ordinal logistic regression. Test of parallel lines statistics in SPSS indicated no violation of proportional odds assumptions. Models were adjusted for clustering at the school level using the complex samples module in the statistical software package IBM SPSS Statistics 18. In discussion of findings, a P value of 0?05 or less is considered statistically significant.
Results
Deprivation
The percentage of children in each school entitled to FSM ranged from 3?1 % to 65?9 % with the mean (26?1 %; SD 13?5 %; n 111) higher than the national average of 17 %. The percentage of study participants within each school entitled to FSM ranged from 0 to 61?0 % (mean 22?8 %; SD 13?2 %; n 108). The two deprivation markers were highly correlated (r 5 0?82), indicating that the socio-economic composition of classes selected for testing within each school was similar to that of the school as a whole.
Baseline characteristics of intervention and control schools are presented in Table 1 .
Dietary behaviour and attitudes towards breakfast
Mean and standard deviation of post-intervention scores for key variables are presented in Table 2 . As indicated in Table  3 , children in schools randomised to receive the PSFBI consumed significantly more healthy items at breakfast and had more positive attitudes towards breakfast than children in control schools in school-level analyses. The b coefficient indicates the difference between groups in the average number of healthy items consumed; hence the b coefficient of 0?25 indicated that, on average, pupils in intervention schools ate 0?25 more servings of healthy items than did those in control schools. In individual-level analyses however, intervention effects were smaller, with differences significant only in relation to consumption of healthy items for breakfast and unhealthy items throughout the remainder of the day. Differences between intervention and control groups in relation to all other dietary behaviours were non-significant.
When the measure of deprivation was the overall percentage of children in the school entitled to FSM, a higher level of deprivation was associated with decreased consumption of unhealthy items during the rest of the day and poorer attitudes towards breakfast. Positive associations between deprivation and breakfast skipping, and between deprivation and consumption of unhealthy items at breakfast, became significant only after entry of an FSM 3 randomisation interaction term. A negative association of deprivation and fruit and vegetable consumption also became significant. Conversely, an association of deprivation with consumption of unhealthy items during the rest of the day became nonsignificant on entry of the interaction term. Findings were similar when the percentage of study participants within the school entitled to FSM was used as the marker of deprivation, although a significant association of deprivation and consumption of fruit and vegetables during the remainder of the day was observed both before and after entry of an interaction term. In individual-level analyses, household deprivation was significantly associated with increased consumption of unhealthy items for breakfast, increased breakfast skipping, poorer attitudes towards breakfast, consumption of fewer fruit and vegetables throughout the rest of the day, as well as consumption of fewer unhealthy items throughout the rest of the day. Only the consumption of healthy items for breakfast was not significantly associated with household deprivation.
In school-level analyses, significant interactions were observed between intervention status and deprivation in relation to both consumption of healthy items at breakfast and breakfast skipping, although only the association with breakfast skipping was significant in individuallevel analysis. Hence, school-level analysis (though not individual-level analysis) indicated that the number of healthier items eaten at breakfast differed across trial arms to a greater extent in more deprived schools than in less deprived schools, while despite no aggregate differences between trial arms in terms of breakfast skipping, significantly greater differences between trial arms were observed in more deprived schools.
Episodic memory
There were no intervention effects upon episodic memory. Episodic memory was significantly poorer in children in receipt of FSM in individual-level analysis, although no association was observed in analysis using school-level FSM entitlement. No interaction between deprivation and intervention status was observed. Behavioural outcomes No significant associations were found between intervention status, deprivation or the interaction term in terms of hyperactivity, apart from a significant association between FSM entitlement and hyperactivity in individuallevel analyses.
Discussion
The present study aimed to examine the impact of universal breakfast provision on socio-economic inequalities in children's dietary behaviours and cognitive functioning. When assessed at the school level, deprivation was associated with poorer attitudes towards breakfast, higher levels of breakfast skipping and consumption of unhealthy breakfast items and consumption of fewer fruits and vegetables in final models. However, in contrast to associations apparent in the baseline data (20) , consumption of 'healthy' items for breakfast was no longer associated with school-level deprivation at follow-up. Deprivation appeared to be a stronger and more consistent predictor of adverse outcomes when assessed at the household level rather than the school level. At the household level (i.e. individual-level FSM entitlement), deprivation was associated with consumption of a significantly higher number of unhealthy breakfast items, consumption of fewer fruits and vegetables, a higher risk of breakfast skipping, poorer attitudes towards breakfast, poorer episodic memory and higher levels of hyperactivity. Only consumption of healthy items for breakfast was not associated with deprivation, while counter to the dominant trend for poorer health behaviours among more deprived children, children entitled to FSM also reported eating fewer unhealthy items throughout the day following breakfast. This may reflect the greater likelihood of such children to have a school meal rather than a packed lunch, and hence fewer snacks. It should however be noted that at baseline, children from poorer schools were shown to under-report consumption of more unhealthy food items to a greater extent than those from more affluent schools, with this trend perhaps therefore an artifact of biased reporting (51) . In relation to some dietary behaviours, there was evidence that universal breakfast provision disproportionately benefited children from lower-SES schools and families. For the consumption of healthy items for breakfast, schoollevel models indicated larger differences between control and intervention groups among children from more deprived schools, with this narrowing of inequality perhaps accounting for the lack of significant association between deprivation and consumption of healthy breakfast items in follow-up data. In individual-level analysis however, this interaction was not significant. Notably, despite the fact that aggregate-level analyses indicated that breakfast skipping was not significantly reduced by the intervention (39) , a significant interaction was observed between intervention status and breakfast skipping, indicating that breakfast skipping was reduced among children from more deprived schools and households. Further interactions indicating decreased consumption of unhealthy breakfast items at breakfast, and increased fruit and vegetable consumption throughout the rest of the day, among children from poorer schools were significant at the 10 % level. Importantly, there was no evidence in relation to any measured outcomes of worsening of inequalities. Hence, the study provides support for the notion that universal interventions which involve changing the environment in order to facilitate healthier behaviours may be more likely to reduce inequalities than to make them worse (1) . A number of strengths and limitations of the study merit consideration before considering its implications. It benefits from a large sample of schoolchildren from Wales and the use of pre-validated measures, or measures validated for the purpose of the study. Nevertheless, while validated, the study relies upon self-report measures, likely subject to social desirability biases. Furthermore, it was not possible to link all participating children to data on individual-level FSM entitlement, potentially introducing error to estimates of the percentage of children in participating classes entitled to FSM.
Nevertheless, while in some settings breakfast provision continues to be targeted towards areas of deprivation, the present paper provides important evidence that universal provision of free school breakfasts can disproportionately benefit children from poorer backgrounds, in terms of discouraging breakfast skipping and increasing the consumption of healthier breakfast items. For no outcome was there evidence that universal breakfast provision disproportionately benefited children from more affluent backgrounds. Hence, offering breakfast provision on a universal rather than targeted basis may play a significant role in reducing inequalities in health and is unlikely to widen them. This avoids the stigmatisation of individuals, schools, families or communities, which may occur when labelling them as needy (33) , and may play a greater role in reducing social gradients in health outcomes. In addition, given that relationships between SES and health outcomes are typically graded rather than dichotomous, targeting the very poorest will do little to address inequalities throughout the distribution (34) . On a broader level, the study supports assertions that universal interventions can play an important role in reducing inequalities (1) and that interventions targeting higher-level environmental factors in order to facilitate healthier behaviours, rather than focusing upon influencing individual choice through education and information provision, may be more likely to reduce inequalities (35) (36) (37) (38) . It demonstrates the importance of heeding Whitehead's calls for interventions which aim to promote population-level change to be evaluated not only in terms of aggregate effectiveness, but also in terms of impact on inequalities (37) .
